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EXTRACTED ENGLISH TRANSLATION 

A method in which an ultrasonic transducer is 
mechanically moved has been conventionally used to form an 
5 ultrasonic image (more specifically, a cross-sectional 
image) . This method has a number of disadvantages. When the 
transducer is manually moved, a scanning process is extremely 
lengthy and dependent on the skill of an operator. When the 
transducer is moved by a motor, a relatively heavy water tank 

10 is usually required. Moreover, extra distance of movement 
within the water tank results in a reduction in maximum 
possible image frequency. 

To eliminate these disadvantages, an ultrasonic image 
forming system including electronic scanning has been 

15 developed. In this method, an ultrasonic beam is temporally 
and linearly shifted. 

In a known ultrasonic image forming system (U.S. Patent 
No. 3,881,466) such as that described above, a transducer 
device creates an unfocused ultrasonic beam. Lateral 

20 resolution is determined by the width of a transducer element. 
In the known system, there is a limit to improvement in the 
lateral resolution made through reduction of the width of 
the transducer element . The limit is set by the minimum width 
of the ultrasonic beam, A cross-sectional image created by 

25 the known system is relatively clear. However, in practice, 
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higher lateral resolution is desired for many applications. 

A type of method to which the present invention 
described in the opening is related is known through US. 
Patent No . 3, 919, 683 . A disadvantage of the method disclosed 
5 in the patent is that the beam width cannot be substantially 
narrowed over an entire test depth. Therefore, the method 
is insufficient in terms of significant reduction in beam 
width and, therefore, for many applications (particularly 
medical diagnosis) in which improvement in lateral 

10 resolution over the entire test depth is desired. 

In a far-field area, it is known that reduction of 
sidelobes in an ultrasonic field generated by an elongated 
array of transducer elements can be achieved through use of 
amplitude-weighting of transmitter signals supplied to the 

15 transducer elements. However, it is also known that 
amplitude-weighting such as this increases the width of a 
main beam in the ultrasonic field in the far-field area. 
Refer to pages 153 to 159 of "Electronic Sector Scanning for 
Ultrasonic Diagnosis" by J.C. Somer in the July 1968 issue 

20 of Ultrasonics. 

A known method of achieving high lateral resolution 
over the entire test depth is so-called dynamic focusing 
performed using a transducer element array (refer to U.S. 
Patent No. 3, 090, 030) . In this type of focusing, delay that 

25 is variable with time is provided between transmitter signals 
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supplied to the transducer elements. As a result, a focusing 
position can be temporally changed over the test depth, along 
a main axis of the beam. A significant disadvantage of this 
known method is that a relatively complicated and, thus, 
5 expensive electronic circuit is required. 

Therefore, an object of the present invention is to 
provide a method and a system that can, using a minimum number 
of devices, provide a relatively high and favorable lateral 
resolution over an entire test depth for medical diagnostic 
10 purposes. 

In the method of the present invention: 

(a) a transmitted ultrasonic beam and (or) 
corresponding reception characteristics are focused on a 
focal line on a scanning surface through time shifts given 

15 to transmitter signals and (or) echo signals/ 

(b) the transmitted ultrasonic beam and (or) 
corresponding reception characteristics are also focused on 
a focal line on a surface perpendicular to the scanning 
surface; and 

20 (c) an amplitude of each transmitter signal and (or) 

echo signal is weighted by a weighting coefficient that is 
determined by a function for the distance between a 
transducer element and the center of a transducer element 
group and, regarding a signal transmitted from or supplied 

25 to a transducer element within the transducer element group. 
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a weighting coefficient greater than that of a signal 
transmitted from and received by a transducer element outside 
of the transducer element group. 

The present invention is related to a cross-sectional 
5 image forming system. The cross-sectional image generating 
system includes a timing generator, a transducer device, a 
transducer element selecting device, a transmitter signal 
generating transmitter device, and an echo signal receiver 
device. The timing generator generates a pulsed, electric 

10 timing signal. The transducer device is formed by adjacent 
fixed arrays of transducer elements. The transducer device 
substantially transmits an ultrasonic beam into a scanning 
surface and into a foreign body in response to a pulsed 
transmitter signal extracted from the timing signal, 

15 receives a reflected echo from a discontinuous section within 
the body, and generates an electric echo signal in response 
to the received reflected echo. The transducer element 
selecting device is connected to the timing generator, the 
transducer device, and a display device. The transducer 

20 element selecting device successively and periodically 
selects a plurality of transducer element groups formed by 
adjacent transducer elements in the transducer device. The 
transducer element selecting device supplies the transducer 
elements within the selected transducer element groups with 

25 the transmitter signals. The transducer element transmits 
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the echo signals generated by the transducer elements to the 
display device to convert the echo signals into a visible 
image indicating a cross-sectional structure of the foreign 
body. The transmitter signal generating transmitter device 
5 is inserted between the timing generator and the transducer 
element selecting device. The transmitter signal 
generating transmitter device extracts mutually 
time-shifted transmitter signals from the timing signal 
generated by the timing generator, for the transducer 

10 elements within the selected transducer element groups. The 
echo signal receiver device is inserted between the 
transducer element selecting device and the display device. 
The echo signal receiver device creates a relative time shift 
between the echo signals created by the transducer elements. 

15 In the cross-sectional image forming system, a temporal 
position of the time-shifted transmitter signals and (or) 
echo signals is determined by a function for the distance 
between a transducer element and the center of a transducer 
element group in a manner. in which the signal transmitted 

20 from or supplied to the transducer element that is far from 
a center section of a selected transducer element group has 
phase advance in relation to the signal transmitted from or 
supplied to the transducer element in the center section. 
In the cross-sectional image forming system, (a) the time 

25 shift is selected such that the transmitted ultrasonic beam 

5 
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and (or) reception characteristics focus on a focal line on 
a scanning surface, (b) the shape of the transducer device 
or the structure of the transducer device when the 
time-shifted transmitter signals and (or) echo signals are 
5 combined is such that the transmitted ultrasonic beam and 
(or) the corresponding reception characteristics are also 
focused on a focal line on a surface perpendicular to the 
scanning surface, and (c)the transmitter device and (or) the 
receiver device include a means for weighting the transmitter 

10 signal and (or) the echo signal with a weighting coefficient 
that is determined by a function for the distance between 
a transducer element and the center of a transducer element 
group and, regarding the signal transmitted from or supplied 
to a transducer element within the transducer element group, 

15 a weighting coefficient greater than that of the signal 
transmitted from or supplied to the transducer element 
outside the transducer element group. 

Technical effects achieved by the method and the system 
of the present invention is that an ultrasonic image having 

20 a relatively high and favorable lateral resolution for 
medical diagnostic purposes can be obtained over the entire 
test depth, with a minimum number of devices (therefore, at 
a relatively low cost) • 
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Fig. 6 
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Fig. 12 
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Fig. 17 
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